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A method of determining the coagulation potential of a plasma sample comprising the steps of: (a) preincubating the plasma sample 
with whole dilute Agkistrodon Contortrix venom (ACCV) or like reagent such that (i) endogenous protein C in the plasma is converted 
into activated protein C by the reagent, and (ii) adding factor Xa which is progressively inactivated by antithrombin IH/heparin cofactor 
(2) during the preincubation; (b) then adding reagents to initiate clotting comprising: (i) an exogenous reagent which activates factor X to 
Xa or prothrombin to thrombin in a factor V-<lependent manner, and (ii) components, such as phospholipid and calcium ions for efficient 
coagulation; (c) monitoring a reaction indicative of the rate of coagulation; (d) comparing the rate of coagulation detected in step (b) with 
the equivalent rate determined for a normal patient, or comparing the rate of coagulation detected in step (b) with the equivalent rate 

f™T!^ lu P l "I" 13 SamplC the P abse " c f of P rotein C activator, and (e) determining the coagulation potential of the plasma sample 
from one or other of the comparisons of step (d). F p 



sittqcqmi^j 


M2 


BtAC[SoSn^ 


flA 


tllE N »3I A 


NA 


ireisrfaqzn 


zn 


B3U3U1V jo »)bis paij'jn 


sn 




on 


amnion 


vn 


oSEqoj, pint pBpiuuj_ 


XX 


Xs^jnx 


HX 


iit;)siU3iiij|jnj, 


MIX 




fx 


oSoj, 


ox 


P"MD 


ax 




zs 


[G33U3S 


MS 


Et)(t!AOJS 


MS 




IS 



aiodnSuig jjg 

"Bp^S as 

U011tU3p3H UBISSTtM fm 

Eiiremoa OH 

PUBJOJ ld 

pirqeoz a\3N ZN 

Xbavjom ON 

SpUB|i3q)3 N 1N 

«3<N 3N 

03[X3[A] 

!«B|EW MIAI 

G![OSuO]AJ NW 

THI 

niuopaaEtAj jo Di|qndoy 

ABJSoSnx J31UJ0J }jjaj 
JEDSBSEpBJA] 

BAopiow jo oiiqndsy aw 

odeuojm 3w 

SinoqujaimT m 

oqjosaq 





MT 


BIUOIST] 




B3(UBq us 


NT 




MU 


uioisuajtpari 


n 




3(1 


vpn-\ juies 


DT 




ZD 


ireiS3pJZE)| 


ZM 




(ID 


E3JOM jo Di[qnd3y 


MM 






B3JO>| jo 3i|qnd3a 




uoojaure^ 


WD 


i t 3[d03d 3lJBJ30U13a 


dM 


aijOAi.p 3)93 


ID 


UEJSzXaiXjl 


9* 


PUK|J3ZJ1MS 


HD 






o3uo3 


Oi 


ucdEf 


<ir 


aiiqndaa treoi-y y iejjuoo 


HtJ 




XI 


epBUE3 


'■J 




SI 


sare[3g 


Afl 


13BJSI 


ti 


|izejq 


Mil 
nil 




31 




fa 




flH 


EtJEging 


oa 




dO 


osej Euijfjng 


dH 




NO 


iuni3pft 


aa 


BUBH9 


HO 


sopsqjEg 


ag 


e|Sxo30 


ao 


EUjAoSszjdH pus eiusoy 


va 


tuopSuix pajiufl 


ao 


ireficqjazy 


zv 


uoqeo 


vo 


Ejiciisny 


nv 


30UEJJ 




Bujsny 


XV 




Id 


Eiuouuy 


wv 




sa 


Eiueqiy 


TV 


"0 XOd a Ml oj AiiEd ssjtMS ^Jlltiapf oj pasn sapco 





WO 99/39212 PCT/AU99/00069 



Improved blood coagulation test 

Technical Field 

The present invention relates to an improved test for measuring blood 
coagulation potential of patients' plasma for the purpose of predicting risk of 
5 thrombosis. 

Background Art 

Mechanisms for blood coagulation, thrombosis and haemostasis are 
well described in International Patent Publication WO 91/01382 the contents 
of which are incorporated herein by reference. 

10 It is known from International Patent Publication WO 93/01261 and 

publications by Bertina et al 1994 and Dahlback et al 1995 that the risk of 
thrombosis in patients with a mutant factor V molecule known as the Leiden 
variant, or with activated protein C impairment for some other reason, may 
be determined by activating the coagulation system in a plasma sample and 

15 incubating the sample with activated protein C in what has come to be 

known as an activated protein C impairment, impedance or resistance test. 
There are precedents for this test in which impairment of activated protein C 
has been detected in patents with acquired thrombophilia (Mitchell et al, 
1986; Amer et al, 1988). 

20 New tests have recently been proposed to screen for most defects in 

the protein C pathway (PCP) thereby to rationalise the approach to individual 
assays for protein C, S and factor V(Leiden) which are currently requested 
together in all cases of thrombophilia investigation, with a very low rate of 
abnormality finding. These 2-stage clotting tests usually involve activating 

25 the patient's own plasma protein C either with thrombin/thrombomodulin 
complex or the activator from Agkistrodon Contortrix venom, commonly 
referred to as PROTAC™ of Pentapharm, Basle. This activated protein C 
(APC) then inactivates the patient's own factor Va in a protein S-dependent 
manner during a subsequent clotting test, yielding longer clotting times than 

30 if protein C had not been activated. Clotting times shorter than normal are 

obtained when defects in protein C and protein S occur as well as when APC 
resistant factor V(Leiden) is present. Such tests have been described based 
on Activated Partial Thromboplastin Times (APTT) eg AU 28416/95, EP 
718628 "Method for diagnosis of blood coagulation disorders", dilute 

35 prothrombin time tests (PT) and WO 96/42018 "Thrombosis risk test". 
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A substrate conversion reaction rate may be determined by the 
coagulation time or by the time required for the conversion of a chromogenic 
substrate to a coloured product. The conversion rate obtained is compared 
with values obtained in the absence of protein C activator or PCA and also 
5 with results on normal plasma samples. If the coagulation time is not 

sufficiently prolonged by protein C activator , it indicates that the individual 
from which the sample is derived may be at a higher-than-normal risk of 
thrombosis. 

It is well known that activation of endogenous protein C in plasma by 

10 the activator from A. Contortrix venom prolongs subsequent clotting times to 
a degree related to the protein C content. Several other factors, however, 
influence or interfere with this test. These factors include protein S, factor 
V(Leiden) and now recognised as thrombotic risk factors in their own right. 
The present inventor has recently developed an improved APC 

15 resistance test which is described in WO 96/04560. This test requires the 
addition of exogenous reagents which activate factor V and activate the 
common pathway of the blood coagulation mechanism through factor X or by 
inducing the formation of thrombin in a factor V dependant manner together 
with exogenous APC to a plasma sample. It was found that if factor V is 

20 specifically activated by an exogenous reagent in addition to activation of the 
common pathway through factor X, the test for APC resistance may be made 
more sensitive and specific than previously known tests. The present 
inventor has also found that improved specificity is obtained when a 
complex factor X activator is used together with the factor V activator. This 

25 test, because the Russells viper venom contains activators of both factor X 
and factor V, has been referred to as the Russells Viper Venom (RW) -based 
test. A similar result is achieved if prothrombin is activated to thrombin by a 
factor V dependent activator in the presence of a factor V activator such as 
those from Australian elapid venoms. 

30 The protein C pathway is one of a number of antithrombotic 

mechanisms operating within normal blood vessels to control coagulation 
and prevent thrombosis. Probably the most important of these mechanisms 
is the glycosaminoglycan (GAG) pathway which requires antithrombin III as 
a cofactor and heparin cofactor 2. Thrombin and factor Xa are controlled by 

35 these two plasma inhibitors which are modulated by glycosaminoglycans 
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such as heparin sulphates normally on endothelial cells lining healthy blood 
vessels. 

The present inventor has made the surprising finding that such tests 
may be further modified to allow improved discrimination between healthy 
5 individuals and patients with impaired or aberrant blood anti- thrombotic 
mechanisms. 
Disclosure of Invention 

In a first aspect, the present invention consists in a method of 
determining the coagulation potential of a plasma sample., the method 
10 comprising the steps of: 

(a) pre incubating the plasma sample with a reagent such that 

(i) endogenous protein C in the plasma is at least partially converted 
into activated protein C by the reagent, and 

(ii) adding factor Xa which is progressively inactivated by 

15 anti thrombin HI/heparin cof actor 2 during the preincubation; 

(b) adding to the preincubated plasma sample (a) reagents to initiate 
clotting comprising: 

(i) an exogenous reagent which activates factor X to Xa or prothrombin 
to thrombin in a factor V-de pendent manner, and 
20 (ii) components, such as phospholipid and calcium ions, that are 

necessary for efficient coagulation of the plasma sample; 

(c) monitoring a reaction indicative of the rate of coagulation of the 
plasma sample; 

(d) comparing the rate of coagulation detected in step (b) with the 

25 equivalent rate determined for a normal patient, or comparing the rate of 

coagulation detected in step (b) with the equivalent rate determined for the 
plasma sample in the absence of protein C activator; and 

(e) determining the coagulation potential of the plasma sample from one 
or other of the comparisons of step (d). 

30 The reagent used in step (a) preferably also contains low levels of 

glycosaminoglycans such as regular or low molecular weight heparins, 
dermatan or dextran sulphates in addition to factor Xa The inclusion of 
these components to the reagent makes the test sensitive to anti thrombin III. 
Preferably, the exogenous reagent which transforms protein C into 

35 activated protein C is diluted substantially whole snake venom, preferably 
diluted snake venom from Agkistrodon Contortrix, or related species such as 
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A Piscovorus, A Bilineatus, A C. Laticinctus, A. C. Moccason. It has been 
found that by selecting an appropriate concentration of the snake venom, it is 
possible to obtain a diagnosis of impaired anticoagulation by the one test. A 
protein C pathway (PCP) ratio of below a pre-detennined value can be 
5 indicative of impaired coagulation control in the patient's plasma. When 

using A. Contortrix whole venom diluted at a concentration of about 0.002%, 
it is possible to differentiate between plasma from normals, whether these 
come from healthy or pregnant or lupus anticoagulant positive individuals 
and plasma from individuals with thrombotic risk factors such as APC 

10 resistant factor V(Leiden) and protein C deficiency. A PCP ratio in this 

instance of below about 2 would be positive in the present test. Similarly for 
a concentration of 0.003%, a value of below 2.5 would be positive. 

Preferably, the incubation in step (a) is carried out at neutral or slightly 
basic conditions, more preferably at about pH 7.5. The incubation is carried 

15 out for sufficient time for activation of the protein C in the plasma. Typically 
incubation times of around 5 minutes as usual for the preincubation interval 
in most automated APTT test methods have been found to be sufficient. 

The present inventor has made the surprising finding that the protein 
C activator purified from A Contortrix venom (a commercial product 

20 "Protac™" available from Pentapharm AB (Switzerland)) does not work very 
well in the present invention. The present inventor has found that dilute 
A. Contortrix venom is particularly suitable. It is possible that the 
purification process used to produce this commercial protein C activator 
removes an additional activator or agent that is present in whole venom 

25 which is preferably required for the present invention. The precise nature of 
the ingredient is not yet clear, however, it would appear to be a procoagulant 
unaffected by deficiency of vitamin K-dependent factors or Warfarin 
treatment. It will be appreciated that this additional activator or agent could 
also be purified from whole venom and combined with the commercially 

30 available purified protein C activator for use in the present invention. The 

individual active fractions may also be purified and recombined to produce a 
reagent suitable for the present invention. 

Factor Xa of either human or animal origin can be included and 
incubated with the protein C activator reagent. This factor can be formed 

35 from endogenous factor X by venom activators Factor Xa tends to shorten 
clotting time. Thus the level of Russells viper venom which needs to be 
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present in the second reagent (with the calcium and phospholipid) to yield 
clotting times of 80-120 seconds on normal plasma, similar to those in 
regular protein C pathway tests, can be proportionally reduced. Also, 
heparin or glycosaminoglycaiis can be included in the preincubation reagent 
5 to enhance the interaction between anti thrombin III and factor Xa to enhance 
sensitivity to low levels of anti thrombin HI. 

In a preferred form of the present invention, the patient's plasma 
sample is incubated with an exogenous activator for protein C and factor X. 
The exogenous activator of protein C is preferably highly diluted and 

10 unfractionated Agkistrodon Contortrix venom. The factor X activator is 
preferably derived from the venom of Russell viper {Vipera Russelli) and 
other immunologically cross-reactive species. The snake venoms may either 
be used in a diluted but unfractionated form which contributes to the 
simplicity of the test or, preferably, may be used in a fractionated form 

15 utilising isolated venom components. 

Rather than directly activating factor X with an exogenous reagent in 
the second stage of such tests one may also obtain an improvement over the 
known activated protein C test by utilising an exogenous reagent that induces 
in the plasma the presence of thrombin in a factor V dependent manner. In 

20 this aspect of the invention factor V dependent prothrombin activators such 
as those from certain Australian Notechis and Pseudonaja venoms, such as 
Pseudonaja Textilis, Notechis Scutatus and Oxyuranus Scutellatus, may be 
used. The use of this system by-passes factor X and all factors above it 
thereby making the test more specific than that based on Russells viper 

25 venom alone. The use of additional venom-derived factor V activators is 
desirable exactly as described above for the Russell viper venom activated 
system which involves factor X activation. 

In one embodiment of the invention, the components in step (b) with 
which the patient's plasma and its pre-incubants are to be mixed are 

30 combined into a single mixture by the use of suitable surfactants, particularly 
non-ionic detergents. Such a single mixture preferably also contains 
supplemental components such as suitable buffers and preservatives. In 
addition the mixture preferably contains polybrene or another similar agent 
to reverse the effect of any heparin that may be present in the test samples or 

35 which may be added in the preincubation reagent (i). The incubation 

mixture preferably also contains relatively high levels of phospholipid at 
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high ionic strength to overcome non-specific inhibitors such as lupus 
anticoagulants that may be present in the plasma sample. 

Another complicating feature in test plasma samples may be the defect 
caused by oral anticoagulants. Many such thrombotic patients may already 
5 be on oral anticoagulant treatment and this affects the coagulation tests 
currently used to assess activated protein C resistance. The conventional 
method for minimising such interference is by mixing test plasma with factor 
V deficient plasma. The present invention, however, does not necessarily 
require such manipulation as such antithrombotic agents if used within their 
10 therapeutic range do not necessarily adversely effect the test. 

In another embodiment of the present invention, factor Xa may be 
used in the preincubation reagent at such a high level that no additional 
Russells viper venom may be required in the second mixed reagent 
(comprising then only phospholipid and calcium) to yield an ideal clotting 
15 time of 100 seconds with normal plasma (intended range of 50-200 seconds). 
In this case, the clotting time should be mainly affected by levels of 
antithrombin in (ATIII) and heparin cofactor 2 (HCF2) and not by protein C 
or S nor by the presence of factor V(Leiden). In this scenario, the method 
could be referred to as a test for the glycosaminoglycan pathway or a "GAG" 
20 test. The GAG test serves as a complimentary role to PCP tests as a 

preliminary screening test for likely defects in ATIII and HCF2, though in 
practice, it appears poorly sensitive to HCF2. This may not be a problem, 
however, as HCF2 in fact is of doubtful importance as a thrombotic risk 
factor in comparison to ATIIL 
25 Most tests for ATIII and HCF2 presently used require a preliminary 

high dilution of the test plasma to be carried out. This is usually in a buffer 
containing high levels of heparin or GAGs to facilitate complete interaction 
of thrombin or factor Xa with ATIII or HCF2. The quantitative loss in 
thrombin or factor Xa enzyme activities is then converted to functional ATIII 
30 or HCF2 present in the test plasma. However, if a single thrombophilia 

screening test proves to be sensitive enough to all the known thrombotic risk 
factors in diagnostic practice, then an appropriate mixture of ACCV/PCA and 
factor Xa in the preincubation reagent and dilute Russells viper 
venom/phospholipid/recalcifying reagent to provide equal sensitivity to all 
35 the known thrombotic risk factors would be preferred. 
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The detection system for monitoring the potential rates of change 
within the coagulation system may be a coagulation time assay or a 
chromometric or fluorometric assay using an appropriate synthetic substrate. 
Such detection systems are well known and described in the patent 
5 specifications referred to in the introductory portions of this specification. 

Some patients' plasma may give borderline results when assayed by the 
method according to the present invention such that it is not possible to 
determine unequivocally between "norma!" and factor V(Leiden) deficient 
plasma samples. The present inventor has made the surprising discovery 

10 that diluting these "borderline" samples with low ionic strength solutions 

including water and carrying out the method according to the first aspect of 
the present invention can differentiate between normal and factor V(Leiden) 
samples. The method according to the first aspect of the present invention 
also provides discrimination of FVL heterozygotes from homozygous 

15 individuals. 

In a second aspect, the present invention consists in method to 
differentiate between patients with factor V(Leiden) from normal individuals, 
the method comprising diluting plasma from the patients and the normal 
individuals with low ionic strength solutions including water and repeating 

20 the method according to the first aspect of the present invention. 

Preferably, the plasma are diluted 1:1 with water, preferably distilled 
or filtered water, prior to repeating the coagulation assay. The factor 
V(Leiden) plasma will usually have ratios equal to or less than the ratios 
obtained when undiluted. Furthermore, the ratios obtained for the factor 

25 V(Leiden) plasma will usually be less than the ratios obtained for normal 

plasma assayed with the same test conditions. Prior to the present invention, 
it would have been necessary to add factor V deficient plasma to all plasma 
test samples and then re-assay for clotting abnormalities. 

The use of low ionic strength solutions, and particularly distilled 

30 water, is significantly cheaper than factor V deficient plasma that is required 
in tests currently used. Furthermore, low ionic strength solutions, and 
particularly distilled water, are far easier to source than factor V deficient 
plasma. The present invention therefore offers a real advantage in cost and 
availability over other tests requiring factor V deficient plasma presently in 

35 use. 
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111 a third aspect, the present invention consists in a method of testing 
anti thrombin III deficiency in a plasma sample, the method comprising the 
steps of: 

(a) preincubating a first sample of a test plasma with factor Xa; 
5 (b) adding to the preincubated first test plasma a reagent to initiate 

clotting and measuring the clotting time of the preincubated test plasma; 

(c) adding to a second sample of the test plasma a reagent to initiate 
clotting and measuring the clotting time of the second test sample; and 

(d) comparing the clotting times of the first and second test samples, 
10 wherein a shorter clotting time in the first test sample being indicative of 

anti thrombin III deficiency in the plasma sample. 

Preferably, in step (a) the first test plasma is preincubated with an 

equal volume of factor Xa in buffer for around 5 minutes at 37degC. More 

preferably, in step (a) test plasma (0.1 ml) is preincubated with an equal 
15 volume of factor Xa (optimally 0.002 u/ml or higher if GAGs are added) in 

0.02 M HEPES buffer at pH 7.2 for 5 minutes at 37degC. 

Preferably in step (b) a further equal volume of calcium chloride 

containing soybean lecithin is added to initiate clotting of the preincubated 

sample and the time to clot is determined. More preferably in step (b) a 
20 further equal volume (0.1 ml) of 0.02 M calcium chloride containing 0.1% 

soybean lecithin is added to initiate clotting of the preincubated sample. A 

target range of about 80-120 sec has been found for normals. 

The above result is compared with that obtained when the same test 

plasma is clotted with of a mixture of the two reagents (ie. the FXa reagent 
25 and the calcium chloride/phospholipid reagent). Preferably the same test 

plasma (0.1 ml) is clotted with 0.2 ml of a 1:1 mixture of the 2 reagents (ie. 

the FXa reagent and the calcium chloride/phospholipid reagent). A target 

range of about 30-35 sec has been found for normals. 

Throughout this specification, unless the context requires otherwise, 
30 the word "comprise", or variations such as "comprises" or "comprising", will 

be understood to imply the inclusion of a stated element or integer or group 

of elements or integers but not the exclusion of any other element or integer 

or group of elements or integers. 

In order that the nature of the present invention may be more clearly 
35 understood, a preferred form will be described with reference to the 

following example and the accompanying drawings. 
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Brief Description of Drawings 

Figure 1 shows effect of varying ACCV level in PCP/FVL tests on 
various test plasmas. Test plasmas preincubated for 5 minutes with varying 
levels of ACCV and then clotted with RVV/phospholip id/calcium reagent 
5 (LA-Confirm) in ACL300 in APTT mode. Showing RW clotting time ratios 
(PCP ratios) plotted against the concentration of ACCV (%). 

Figure 2 shows Protac™ or whole dilute Agkistrodon Contortrix C. 
venom (ACCV) dilutions were preincubated with pooled normal plasma for 5 
minutes and then clotted with phospholipid-rich Russells viper venom 

10 reagent (LA-Confirm). Results show the RW clotting times obtained on an 
ACL300 clotting machine plotted against the concentration of Protac™ 
(u/ml/20) or ACCV(ug/ml) used. (Note that PCP ratios are calculated as the 
RW clotting times with any given ACCV or Protac™ level divided by the 
clotting time with no activator present). 

15 Figure 3 shows effect of individual thrombotic risk factors on the PCP 

carried out with dilute whole ACC venom. Showing PCP ratios (RW clotting 
times with and without protein C activation) plotted against level of each 
factor shown. From top to bottom; HCF2; ATTII; Prot.S, Prot.C, Factor 
V(Leiden). Mixes prepared from individual factor deficient or factor 

20 V(Leiden) positive (he terozygote) plasmas and pooled normal plasma, itself 
representing 100%. 

Figure 4shows effect of individual thrombotic risk factors on a mixed 
GAG/PCP test system. Preincubation reagent contained dilute whole ACCV 
and 0.002u/ml factor Xa. Reagent was mixed with each test plasma for 5 

25 minutes at 37degC before being clotted with a reduced Russells viper venom 
reagent/phospholipid/calcium reagent. Results show the ratios of clotting 
times with and without preincubation plotted against factor level. In 
descending order on left axis; HCF2, Prot.S, Anil. Prot.C, Factor V(Leiden). 

Figure 5 shows borderline PCP/FVL results. Results show scatterplot of 

30 PCP/FVL ratios obtained on selected several warfarin patient with neat and 
water-diluted plasmas. Eight (8) neat plasmas all gave borderline abnormal 
ratios (1.2-1.8), but after dilution with water, improved discrimination of FVL 
cases from normals was achieved. 
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Modes for Carrying Out the Invention 
METHOD 

A method is described for a clotting test which is more specific for 
detecting resistance to activated protein C due to the factor V(Leiden) 
mutation than the original system described by Dahlback. The method 
involves 2 steps. In the first step, test plasma is incubated with dilute whole 
Agkistrodon Contortrix venom at 0.00 2-0. 004% and pH 7.5 for 5 minutes. In 
the second step, phospholipid-rich Russell viper venom is added and the 
time required for a fibrin clot to form is determined. 

A "control" or blank test to detect baseline coagulation abnormalities 
may be carried out in exactly the same way, except that no Agkistrodon 
Contortrix venom should be present in the first pre-incubation step. 
Chromogenic substrates could be used as an alternative to clot formation for 
detecting the formation of thrombin, but these are more expensive. 
Mechanism 

It is known that Agkistrodon Contortrix venom contains an activator of 
protein C. The active component has been isolated and sold under the trade 
mark "Protac™" by Pentapharm AB (Switzerland). Protac™ has been patented 
for use in tests for quantitating protein C and more recently in tests for 
assessing the function of the protein C pathway (PCP) as described above. 
During the course of the first incubation (above) protein C in the test plasma 
is converted to an enzymatically-active form (activated protein C or APC). 
This is a powerful anticoagulant which destroys factors Va and VHIa ; thereby 
interfering with the clotting mechanism and prolonging certain clotting tests. 
In individuals who are deficient in protein C or S, the anticoagulant effect of 
the venom protein C activator is reduced relative to normal and the clotting 
times are shorter than normal. Also, if the patient plasma contains a 
commonly-occurring mutation in factor V called the FV(Leiden) variant, the 
clotting times are less prolonged by either activated protein C or the venom 
protein C activator than with normal plasma. FV(Leiden) lacks a specific 
APC sensitive cleavage site involved in the inactivation of normal factor V 
and therefore it persists in such test systems and shortens the clotting times. 

All of these defects interfere with the normal functioning of the PCP 
and are associated with clinical thrombosis. All three defects are usually 
detectable by a shorter than normal clotting test result in the presence of 
protein C activator. Patients who are on oral anticoagulants have reduced 
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levels of vitamin K-dependent clotting factors as well as protein C and S and 
cannot usually be screened for factor V(Leiden) which such a test. It has 
become conventional to mix such patient's plasma with factor V deficient 
plasma to "correct" all clotting factor defects and protein C and S levels prior 
5 to carrying out an APC resistance tests for factor V(Leiden). 

The present inventor has found that use of whole dilute Agkistrodon 
Contortrix venom (ACCV) is preferable to the use of isolated protein C 
activator in the RW-based PCP test described in WO 96/04560 for the 
following reasons. The test becomes insensitive to protein S deficiency 

10 (which is a less important thrombotic risk facto than FVL or protein C) and 
less affected by low protein C levels and more sensitive to factor V(Leiden). 
The effect of relatively high levels of ACCV on the RWT of normal plasma 
seems to be similar to that of lower levels, unlike that of the isolated 
activator which prolongs the RWT to an increasing degree with 

15 concentration. Higher levels of ACCV can be used to activate the small 

concentrations of protein C found in patients on oral anticoagulants for more 
effect in the test and to overcome acquired APC resistance in patients taking 
oral contraceptives or who are pregnant. Thus by using higher levels of the 
whole ACCV it is possible to screen for the Factor V(Leiden) defect in plasma 

20 from Warfarin patients, pregnancy plasma and other conditions which 
previously required mixing with factor V deficient or other normalising 
factors. 
Advantages 

1. No need to mix test plasma with factor V deficient plasma for the 
25 detection of factor V(Leiden) among complex patients. 

2. Plateau concentration dependencies means higher levels of ACCV can 
be added with a less prolonged normal clotting time. 

METHOD 

The improved test is based on the factor V(Leiden)-specific PCP 
30 screening test which uses a phospholipid-rich RW reagent. The composition 
of the reagent has been modified to make it less sensitive than usual to 
variations in Protein C and Protein S levels in the presence of a protein C 
activator. Since this RW reagent is already designed to be heparin and 
lupus anticoagulant resistant and since its mechanism is through the 
35 common pathway, this test is more reliable than those based on APTTs and 
PTs. 
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Reagents 

1. Protein C Activator (PCA) 
Preparation 

Reconstitute in volume of distilled water as indicated on the vial 
5 - Gently invert to mix- DO NOT shake 

Allow to stand at room temperature for 10 minutes before use. 

2. PRW Reagent ( Phospholipid-rich Russell viper venom reagent) 
Preparation 

Reconstitute in volume of water as indicated on the vial 
10 - Gently invert to mix- DO NOT shake 

Allow to stand at room temperature for 10 minutes before use. 
Reconstituted Stability 



Product 


Conditions 


Time 


PCA 


2-8°C 


48 hours 




37°C 


12 hours 


PRW 


2-8°C 


48 hours 




37°C 


12 hours 




-20°C 

(freeze thaw only once) 


1 month 



15 Specimen 

Mix nine parts of freshly collected blood with one part 3.5% (0.12 M) 
trisodium citrate. Centrifuge as soon as possible after collection at >^ 1500 g 
for 15 minutes. Separate plasma and store at 2-8°C. Test within 4 hours of 
collection. Plasma may be stored frozen at -30°C or below for up to six 
20 months. 

Jaundiced, lipaemic and haemolysed specimens can give false clotting 
time results. These results may also occur in patients with abnormal 
haematocrits. as plasma to citrate concentration in these samples is not 
optimal. 



WO 99/39212 



PCT/AU99/00069 



13 



Test Procedure 

Method 

The PCP Test is not affected by Heparin levels of up to 0.5 IU/ml. 
It is recommended that a 1:1 mix of patient plasma to factor V deficient 
5 plasma is used for testing of patients on oral anticoagulants. This will 
correct the factor deficiencies otherwise compromising the test. 
Test with PC Activator 

1. Pre-warm a slight excess of PRW reagent, allowing 0.1 ml per test, to 
37°C + 1°C in a reagent reservoir. 
10 2. Dispense 0.1 ml of test plasma into a test tube. 

3. Add 0.1 ml of Activator to the test plasma and warm at 37°C for 5 
minutes. 

4. Add 0.1 ml pre-warmed PRW reagent and time from the moment of 
addition of the reagent to a clotting end-point using the tilt tube technique. 

15 5. Repeat for duplicate test values and report the average of these as the 
result. 

Test without PC Activator 

1. Pre-warm a slight excess of PRW Reagent, allowing 0.1 ml per test, to 
37°C ±_1°C in a reagent reservoir. 
20 2. Dispense 0.1 ml of test plasma into a test tube. 

3. Add 0.1 ml of distilled water to the test plasma and warm at 37^ for 5 
minutes. 

3. Add 0.1 ml pre-warmed PRW Reagent and time from the moment of 
addition of the reagent to a clotting end-point using the tilt tube technique. 
25 5. Repeat for duplicate test values and report the average of these as the 
result 

The results of PCP tests of varying A Contortrix whole venom levels on 
various test plasma are shown in Figure 1. The use of levels of between 
0.002 to 0.004% ACCV in the test allows the differentiation between sera 

30 from normal individuals (PNPl, PNP2 and PNP3), oral anticoagulant pool 
(O/A pool) and pooled sera from pregnant individuals (PREG.POOL), from 
patients with impaired clotting function (FV(L) and FV(L)+0/A). PCP values 
of below 2 and 2.5, respectively for tests using 0.002 and 0.004% ACCV are 
seen to be indicative of impaired clotting. 

35 Figurel shows the protein C pathway (PCP) clotting time ratios 

(clotting times with protein C activator present / those without activator) 
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obtained 011 a series of patients and normals using increasing levels of 
Agkistrodon Contortrix Contortrix Venom (ACCV). Normal plasmas show the 
largest effect initially, but seem to dip down at ACCV levels above 0.002%. 
Oral anticoagulant-treated, factor deficient (partially alumina adsorbed) and 
5 pregnancy plasmas show a more gradual increase with no evidence for a dip. 
Factor V(Leiden) positive plasmas all remain low. Thus, by selecting an 
appropriate ACCV level of approximately 0.003% it is possible accomodate 
all the FVL negative cases within a tight PCP ratio range, representing the 
normal or reference range, regardless of several other complicating factors. 
10 (Note that this RW-based system is already insensitive to therapeutic levels 
of heparin and to any abnormalities involving factors above factor X in the 
clotting pathway.) 

Figure 2 shows a direct comparison of Protac™ with Agkistrodon 
Contortrix venom (ACCV) in the PCP test. Increasing levels of both protein C 
15 activators were added to pooled normal plasma prior to testing with the 

phospholipid-rich dilute RW reagent. Both activators resulted in similarly 
prolonged clotting times at levels below lOug/ml for ACCV or 0.5u/ml for 
Protac. However, above this concentration the Protac™ gave further 
prolongation, whereas the ACCV gave shorter clotting times. This is the 
20 reason for the unexpected "dips in the PCP ratios for normal plasma in Figure 
1 at ACCV levels above 0.002%. It is this PCP ratio "dip" with normals which 
allows valid comparisons against similar measurements of APC resistance 
and PCP defects on plasmas with defects such as those due to oral 
anticoagulants as shown in Figure 1. 
25 Factor V(Leiden) Confirmation Assay 

In order to differentiate between normal and factor V(Leiden) samples 
which gave "borderline" results in the blood clotting assay according to the 
present invention, samples were re-assayed after first being diluted 1:1 in 
distilled water. The results are shown in Figure 5. The three factor 
30 V(Leiden) samples tested produced lower ratios than those of the normal 

samples re-assayed after dilution with water. This finding allows the testing 
of samples without the need to add factor V deficient plasma to the samples 
to be assayed. 
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GAG test 

This basic test is carried out in two parts: Firstly., a two stage 
procedure involving a preincubation, like an APTT and second, a one step 
test without preincubations, just like a PT test. 
5 In the 2 stage procedure, test plasma (eg 0.1 nil) is preincubated with 

an equal volume of factor Xa (optimally 0.002u/ml or higher if GAGs are 
added) in 0.02 M HEPES buffer at pH 7.2 for 5 minutes at 37degC, Then a 
further equal volume(0.1 ml) of 0.02 M calcium chloride containing 0.1% 
soybean lecithin is added and the time to clot is determined. The target 
10 range is 80-120 sec for normals. 

The above result is compared with that obtained when the same test 
plasma (0.1 ml) is clotted with 0.2 ml of a 1:1 mixture of the 2 reagents (ie. 
the FXa reagent and the calcium chloride/phospholipid reagent). The target 
range is 30-35 sec. 

15 It will be appreciated by persons skilled in the art that numerous 

variations and/or modifications may be made to the invention as shown in 
the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, to 
be considered in all respects as illustrative and not restrictive. 
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CLAIMS: 

1. A method of determining the coagulation potential of a plasma sample, 
the method comprising the steps of: 

(a) preincubating the plasma sample with a reagent such that 

5 (i) endogenous protein C in the plasma is at least partially converted 

into activated protein C by the reagent, and 
(ii) adding factor Xa which is progressively inactivated by 
antithrombin Ill/heparin cofactor 2 during the preincubation; 

(b) adding to the preincubated plasma sample (a) reagents to initiate 
10 clotting comprising: 

(i] an exogenous reagent which activates factor X to Xa or prothrombin 
to thrombin in a factor V-de pendent manner, and 

(ii) components, such as phospholipid and calcium ions ; that are 
necessary for efficient coagulation of the plasma sample; 

15 (c) monitoring a reaction indicative of the rate of coagulation of the 
plasma sample; 

(d) comparing the rate of coagulation detected in step (b) with the 
equivalent rate determined for a normal patient, or comparing the rate of 
coagulation detected in step (b) with the equivalent rate determined for the 

20 plasma sample in the absence of protein C activator; and 

(e) determining the coagulation potential of the plasma sample from one 
or other of the comparisons of step (d). 

2. The method according to claim 1 wherein the reagent used in step (a) 
further contains low levels of glycosaminoglycans. 

25 3. The method according to claim 2 wherein glycosaminoglycans are 
selected from the group consisting of regular or low molecular weight 
heparins, and dermatan or dextran sulphates. 

4. The method according to any one of claims 1 to 3 wherein the 
exogenous reagent which transforms protein C into activated protein C is 

30 diluted substantially whole snake venom. 

5. The method according to claim 4 wherein the diluted snake venom is 
derived from Agkistrodon Contortrix, or related species including 

A Piscovorus, A. Bilineatus, A. C. Laticinctus , A. C. Moccason. 

6. The method according to claim 5 wherein the snake venom is 
35 A. Contortrix whole venom diluted at a concentration of 0.002%. 
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7. The method according to any one of claims 1 to 6 wherein the 
preincubation in step (a) is carried out at neutral or slightly basic conditions. 

8. The method according to claim 7 wherein the preincubation step is 
carried out at pH 7.5. 

5 9. The method according to any one of claims 1 to 8 wherein the 

preincubation is carried out for sufficient time for activation of protein C in 
the plasma. 

10. The method according to claim 9 wherein the preincubation time is 5 
minutes. 

10 11. The method according to any one of claims 1 to 10 wherein the factor 
Xa is of human or animal origin. 

12. The method according to any one of claims 1 to 11 wherein the 
exogenous reagent which activates factor X to Xa is derived from the venom 
of Russells viper (Vipera Russelli) or other immunologically cross-reactive 

15 species. 

13. The method according to any one of claims 1 to 11 wherein the 
exogenous reagent which activates prothrombin to thrombin in a factor V- 
dependent manner is derived from Australian Notechis or Pseudonaja snake 
venoms. 

20 14. The method according to claim 13 wherein the snake venom is 

obtained from the species selected from the group consisting of Pseudonaja 
Textilis, Notechis Scutatus and Oxyuranus Scutellatus. 

15. The method according to any one of claims 1 to 14 wherein reagents in 
step (b) are combined into a single mixture by the use of surfactants. 
25 16. The method according to claim 15 wherein the surfactants are non- 
ionic detergents. 

17. The method according to claim 15 or 16 wherein the single mixture 
further contains supplemental components selected from the group 
consisting of buffers, preservatives, polybrene or other agents to reverse the 
30 effect of any heparin that may be present in the test samples or which may be 
added in the preincubation reagent (i), and phospholipid at high ionic 
strength to overcome non-specific inhibitors such as lupus anticoagulants 
that may be present in the plasma sample. 
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18. The method according to any one of claims 1 to 17 wherein the 
monitoring a reaction indicative of the rate of coagulation of the plasma 
sample is a coagulation time assay or a chromometric or fluorometric assay 
using a detectable substrate. 
5 19. A method of differentiating between a patient with factor V(Leiden) 
and a normal individual, the method comprising diluting a plasma sample 
from the patient and the normal individual with a low ionic strength solution 
followed by determining the coagulation potential of the samples by the 
method according to any one of claims 1 to 18 ; wherein the factor V(Leiden) 
10 plasma will have a rate of coagulation equal to or less than the rate obtained 
when undiluted and less than the rate of the normal plasma. 

20. The method according to claim 19 wherein the plasma samples are 
diluted 1:1 with water. 

21. The method according to claim 20 wherein the water is distilled or 
15 filtered water. 



WO 99/39212 1 /5 PCT/AU99/00069 




WO 99/39212 PCT/AU99/00069 

3 /5 



\ \ 



\ 



\ \ 



\ 



\ 



o 
o 





q 








-J 








U_ 


> 


s 


o 




O 


Li- 








X 


■ 


+ 






+ 



\ 



\ 



o 

CO 



o 

CD 



6^ 
DC 

o 

O 
< 



o 



+ x 



\ 



\ 



\ 



o 

CM 



to 

CO 



I ; S\ 



CO 



ID 

CM* 



CM 



< ; m 



in 



o 



OLLVd dOd 



1 

VrV- 



WO 99/39212 



4/5 



PCT/AU99/00069 




WO 99/39212 



PCT/AU99/00069 



5/5 









o 








CM 






















■ 




\ 


m 


■ 










CO 








$ 
















£ 
















CO 








CD 






■ 


£ 




m 


■ 


CO 




m ■ 




CO 








Q. 
















"CD 








CD 














2 





csi 



CM 



LT3 
O 



OflBJ 



va 



Frum^fe: I 

International preliminary exJ 




PATENT COOPERATION 

FiNG AUTHORITY 



TR]^^ 



To: 

F B Rice & Co 
605 Darling Street 
BALMAIN NSW 2041 



£ D 

i CO 



Applicant's or agent's file reference 
83457 

International application No. 

PCT/AU 99/00069 



PCT 

WRITTEN OPINION 
(PCT Rule 66) 



REPLY DUE 

International filing date (day/month/year) 
1 February 1999 



Date Of mail ing 

(day/month/year) 3 Q j^/fi fgg g 



International Patent Classification (IPC) or both national classification and IPC 
Int. CI.* GO IN 33/86, 33/96, C12Q 1/56 



within TWO MONTHS 
from the above date of mailing 
Priority Date (day/month/year) 
2 February 1998 



Applicant 



GRADIPORE LTD et al 



1. 
2. 

I 

n 
in 

IV 

v 

VI 

vn 
vm 



ENTERED IN DATA BASE 

dux*- -hl^ 



'reliminary Examining Authority. 



3. 



This written opinion is the first (first, etc) town by this International 
This opinion contains indications relating to the following items:. 
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For an informal communication with the examiner, see Rule 66.6. 
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Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 
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Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 



Claims 1-21 
Claims 
Claims 1-21 
Claims 
Claims 1-21 
Claims 
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NO 

YES 

NO 

YES 

NO 



2. Citations and explanations 

Claims 1-21. The invention is a method of determining coagulation potential of a plasma sample. 
None of the citations disclose the combination of features that includes: 

1) Preincubation of the plasma sample with a protein C activator and factor Xa, where the Xa is progressively 
inactivated 

and 

2) The use of dilute Agkistrodon venom or like reagent. 
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Vm. Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

Claims 1-4 and 7-21 are not fully supported by the description. The description provides no substantive disclosure of any 
suitable exogenous protein C activators other than dilute whole Agkistrodon venoms. As commercial preparations of 
the purified protein C activator 'Protac' have been found by the inventor not to work well in the method of the 
invention, it appears that the invention relies on an unknown combination of substances in the Agkistrodon venom. For 
these reasons the exogenous protein C activator should be restricted to dilute Agkistrodon venom. 

Claims 4-6 are not clearly appended to claims 1-3 in respect of the exogenous reagent*. This is because claim 4 defines 
"the exogenous reagent which transforms protein C into activated protein" C but claim 1 defines "an exogenous reagent 
that activates factor X to Xa or prothrombin to thrombin". It has been assumed by the International Searching 
Authority that whether the assay uses a factor V or factor X pathway, use is made of a protein C activator which is 
dilute Agkistodon venom or an equivalent reagent. If this is not the case it is possible that the application will be found 
to be directed at more than one invention. 

The term blood coagulation potential is not fully defined. 
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